INTRODUCTION
For aesthetic crown and bridgework, metal-ceramic is still the most widely prescribed material among dental surgeons both in general practice and most likely in hospital environments as well. 1 Metal-ceramic restorative methods have been reliably used since their inception in the 1950s when Brecker described the baking of porcelain onto gold. 2 Over half a century of refi nements have led to reliable, strong crowns/bridges with satisfactory aesthetics. Recently, metal substructures have been minimised and gold rich alloys used to maximise the natural hue, value and chroma of artifi cial units. While metal-ceramic systems still represent a high strength mode of treatment associated with a good long term success rate, there are a number of disadvantages, mainly, the extent of tooth preparation (which is common to all crown and bridge systems that use metal or ceramic substructures and which may compromise pulpal health), aesthetics and allergy (specifi cally to nickel). The past decade has seen the emergence of a number of novel all-ceramic crown and bridge systems, capable of restoring anterior, posterior and multiple units. The search for new methods has been driven, in part, by patients who have increasingly high expectations in the arena of aesthetic dentistry and may also have concerns about the biocompatibility of metals intra-orally. Improvements in high strength all-ceramic technology were noted by the profession with the advent of computer-aided design/milling (CAD/CAM) systems. Procera (Nobel Biocare, Sweden) is one such example, fi rst described in 1993, 3 employing, as the title of the paper states: 'A densesintered, high purity alumina coping with porcelain'. Research has shown that this type of all-ceramic crown is able to resist fracture during function/parafunction, both at anterior and posterior sites, notably under higher stresses. 4 Other new systems include the high precision multi-unit contact scanning Procera Forte (Nobel Biocare) and both Cercon (Degudent) and DC-Zirkon (DCS) use similar CAD/CAM manufacturing methods. Recently, 3M ESPE (Seefeld, Germany) launched the LAVA crown and bridge system. LAVA is one of the fi rst all-ceramic systems to use CAD/CAM technology with optical scanner devices to create an infrastructure in zirconia, subsequently fi nished with veneering ceramic. During the manufacturing process, a stabilising agent, yttrium oxide (Y 2 O 3 ) is added to zirconium oxide and the resultant material used to fabricate the infrastructure is termed yttrium tetragonal zirconia (ZrO2) polycristals (Y-TZP). The Y-TZP exhibits excellent material properties for clinical application by, resisting fracture by a process termed 'transformation toughening', whereby any stress fractures created within the material cause a transformation of confi guration of the zirconia to another one of its three forms, thereby minimising crack propagation. 5 Sorenson et al. (2000) also demonstrated that the polycrystalline microstructure of the zirconia ceramic resists hydro-fatigue (degradation of the material by water in saliva).
• An update for practising dentists regarding the indications, applications and use of contemporary crown and bridge systems.
• Informs the reader about CAD/CAM production methods.
• Provides revision of 'ideal' tooth preparation guidelines for all-ceramic crown/bridge systems and new specifi cally formulated luting cements.
• Concludes that all-ceramic bridgework can be routinely used in all clinical settings.
I N B R I E F

VERIFIABLE CPD PAPER
The design and manufacturing process fi rstly involves optical scanning and digitising of the dies (created from the master impression of the prepared teeth/ cores), bite registration, and where applicable the bridge pontic region (from the master model), in order to duplicate the dimensions of the margin/s with precision. The scanned 3D images of the dies are then used to design the substructure, prompted by computer software (CAD) which has a database of pontic designs and critical, minimum dimensions of connectors set at 9 mm 2 . The CAD unit is linked to a robotic CAM centre that machines a partially sintered Y-TZP block to the design specifi cations (Fig.  1) 10 One advantage is the shade of the ceramic infrastructure, which can be selected in one of seven Vita shades. This eliminates a white collar (of pure unstained zirconia) at the cervical region of the restoration, which is important as the veneering ceramic is thinnest in cross-section at this point. Furthermore, with a metal-free, colourmatched base, without the need for bulky opaque layering, the resultant restoration exhibits an ideal balance between strength and aesthetics (with enhanced translucency) (Fig. 2) .
Long term clinical data relating to the longevity and performance of LAVA restorations intra-orally are not yet available. However, there are a number of well reported ongoing trials, the longest of which has been at The University of Zurich, whose research unit has completed a three-year recall for all study patients, with no instances of bulk fracture reported.
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Tooth preparation guidelines for all-ceramic systems The general preparation design principles are similar to conventional metal or metal-ceramic systems. However, due to the unique nature of the material and CAD/CAM production of the all-ceramic restorations, certain specifi c criteria must be met. These include:
• For anterior teeth: 1.5-2 mm incisal reduction, 1.0-1.5 mm lingual reduction, 1.0-1.5 mm labial reduction
• For posterior teeth: 1.5-2 mm occlusal reduction and 1-2 mm axial reduction • A 4 degree minimal taper is required to allow the scanner to make an accurate reading for single unit preparations, while for bridge abutments a 6 degree taper is recommended.
• Rounded internal line angles, no sharp edges or undercuts
• Deep chamfer or 'shoulder with rounded internal angle' are the fi nishing margins of choice
• Maintenance of a straight line axial wall at the cervical third of the palatal surface of anterior preparations to maximise retention and resistance form
• Feather edge, gutter margins (lipping) and 90 degree shoulder must be avoided. 12, 13 In general, preparation margins should be placed supragingivally. This applies to all indirect restorative treatment, aids impression taking and preserves periodontal health. However, the advent of all-ceramic restorations has been driven by aesthetics, thus when restoring the aesthetic zone, fi nishing margins may be placed approximately 0.5 to 1 mm subgingivally in order to mask the union between margin and dentine.
Preparation is undertaken with high speed diamond burs, a selection of which is listed in Table 1 . This essentially comprises round-ended tapered diamonds (1 mm tip) of varying length and diameter and a rugby-ball diamond to facilitate adequate lingual reduction at the cingulum area of anterior teeth.
Due to the complexity of bridgework, a number of additional considerations must be considered, including: abutment height, suffi cient interocclusal clearance for the substructure (plus veneering ceramic), suffi cient height and width for the connectors (3 mm by 3 mm minimum), 0.5 mm wall thickness for posterior copings (0.3 mm for single unit anterior crown), lingually positioned connectors for anterior bridgework to achieve an aesthetic veneering with more refi ned labial contours. Furthermore, all-ceramic bridgework is contra-indicated if there is differential bone support between abutment teeth (ie one tooth exhibits mobility), as the lack of stability and leverage caused by the mobile tooth may produce additional stress on the connectors during mastication. All-ceramic bridgework in the chronic bruxist should also be considered with great care. Finally, unlike metal-ceramic bridgework, if a Y-TZP substructure exhibits poor marginal adaptation on the abutments at try-in, an impression must be retaken and a new framework fabricated as it is not possible to modify the substructure (in the way that metal-work may be cut, indexed and soldered).
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Laboratory considerations
After a high wear resistance model/die has been cast and the bite registration trimmed, both are digitised by the LAVA scanner and may be viewed threedimensionally on screen at the milling centre. The design of the crown or bridge substructure is computer aided to ensure high effi ciency and where appropriate, computer-guided, to ensure optimal dimensions of the connector. The resultant image can be customised to create an ideal simulated prosthesis, prior to machining. The substructure is milled from a pre-sintered blank of Y-TZP based ceramic (Fig. 3) . Additionally, the shade of the core substructure can be selected from one of seven Vita shades, to further enhance the aesthetic result of the prosthesis. At present there are approximately 100 laboratories that handle the Lava system in the UK and four recognised milling centres, thus specialist laboratories would provide the substructure, before returning it to a regional laboratory for the addition of veneering ceramic (in this case, Lava Ceram 3M ESPE) (Fig. 4) . 15 The skill of the ceramist is critical to the aesthetic outcome.
Immediately after tooth preparation, all vital dentine surfaces were sealed with dentine bonding resin to seal dentinal tubules, offering protection and increasing fi nal bond strength. At the fi t stage, after the provisional restorations were removed, bonding resin was re-applied. 
Cementation
Due to the precise nature of CAD/CAM fabrication, crown and bridgework formed using this method has a consistent and excellent accuracy of fi t, with tolerances reported as low as 50 to 100 µm. Furthermore, some milling centres are adding a gap to the restoration to better accommodate the cement lute (the resultant fi t is still less than 100 µm). 16 Although there are a wide range of cements currently available, including zinc phosphate, carboxylate, glass ionomer, hybrids (resin modifi ed GIC/compomers), it is the composite resin type, in particular a self-adhesive, dual cure universal resin cement, called Rely X™ Unicem (3M™ ESPE™) that is the luting cement of choice. The advantages of using this type of adhesive luting material include: ease of handling, high bond strength, high aesthetics (shade A1, A2, A3, opaque/translucent), suitable for ceramic and composite resin restorations and all shades are radiopaque. Sorenson et al. undertook a study to evaluate the bond strengths of eight cements (including Panavia) and found that Rely X Unicem™ exhibited the maximum adhesion values when used to cement zirconiabased ceramics. 17 Unlike other systems, no pre-treatment steps are required; etching or the use of primer or bond resins are not necessary. The preparation must be free from any residue or temporary cement and gently dried (not desiccated). Appropriate shade selection is followed by automated mixing of the applicap, administration into the pre-sandblasted, fi tting surface of the prosthesis and seating onto the prepared site. As the Unicem is dual cured, the chemical curing may be supplemented by light activation if deemed clinically necessary.
Clinical studies to date
At present there are very few data relating to the clinical outcomes and long term service of Lava crown and bridgework. This seems to be related to its recent emergence onto the market and the lack of laboratory provision. However, at IADR 2004/5, 12 abstracts were published reporting different positive outcomes of the Lava system from laboratory testing and three clinical case reports were presented from 2003 to 2005. The case reports are summarised in Table 2 .
CASE REPORT
A 78-year-old lady was referred to our department to manage failing bridgework, failed endodontic treatment for the enucleation of a radicular cyst associated with the mesial surface of the upper right fi rst molar, caries and chronic plaque-induced periodontitis. For the purpose of this report, the case study will focus solely on the restoration of the upper arch with the Lava system.
At presentation the upper quadrant exhibited a fi xed metal-ceramic bridge (double abutment UR1/UR2), with fractured ceramic at the UR3 pontic and secondary caries at all margins. At the upper left quadrant, UL1 to UL6 had been restored with a fi xed (double abutted) acrylic bridge, again, with associated caries and periodontal disease (Fig. 5) .
At the completion of the provisional treatment stage, periodontal therapy had been undertaken, all carious lesions managed, diet analysis, oral hygiene therapy and periodontal review appointments were undertaken and both upper bridges were replaced with provisionals (without double abutment), exhibiting excellent marginal fi t. Oral health was established in the lower arch. The occlusion was analysed pre-operatively, both clinically and with the aid of mounted study models on a semi adjustable articulator. The patient was asked to provide a photograph to show the morphology of her own natural teeth, prior to crown/ bridgework. A diagnostic wax-up was carried out and modifi ed at the chairside with the patient, until the fi nal outline form of the new restorations were deemed to be aesthetically satisfactory. At the tooth preparation/registration stage, the form of the abutment teeth were refi ned using a Shofu 835-1 round ended tapered diamond (coarse and superfi ne) before impression taking and laboratory manufacture at Techceram (Shipley, UK) (Figs 6-7) . At the fi t stage, all abutment teeth were cleaned of temporary cement and all restorations cemented with Rely X Unicem at one visit. To avoid double abutment, the occlusion (which exhibited an incisor relationship of Class 2 division 1 with 3 mm overjet) and the integrity, bulk and alveolar bone support of the upper laterals were critically evaluated. It was deemed that a clinical gain would be made by restoring the upper arch with single unit crowns on upper central incisors, with short span three and four unit bridges posteriorly, due to the pronounced mesial drift of both upper fi rst molars (Figs 8-9 ).
DISCUSSION AND CONCLUSION
It would seem that feedback from laboratory based studies and the very few reported clinical trials show great promise for the use of the Lava all-ceramic crown and bridge system. The Lava system provides high strength copings with veneering ceramics of excellent aesthetic value and due to the metal-free nature of the prosthesis the incidence of allergenic reactions among atopic patients is likely to be less. Due to recent advancements in CAD/CAM technology and the nature of the Y-TZP ceramic, the Lava system offers a wider range of restorative options, including, for the fi rst time, all-ceramic posterior bridgework. As with all indirect restorative procedures, case selection, pre-operative management and highest levels of accuracy are mandatory during tooth preparation and registration. From the preliminary fi ndings of this report, it appears that further long term clinical data are required to support the wealth of laboratory studies. However for the purpose of this case report, it may be concluded that the Lava system provided seamless restorations, exhibiting excellent marginal fi t, occlusal form and aesthetics (Fig. 10) . It is therefore possible that Lava may represent the next generation of fi rst line all-ceramic systems for full mouth restoration.
